The Dunfermline Eastern Expansion (DEX) is a 350 ha mixed development which commenced in 1996. Downstream water quality and flooding issues necessitated a holistic approach to drainage planning and the site has become a European showcase for the application of Sustainable Urban Drainage Systems (SUDS). However, there is minimal data available regarding the real costs of operating and maintaining SUDS to ensure they continue to perform as per their design function.
At the design stage restrictions were placed on discharges as the development was expected to double the rate of surface water runoff and impact on the existing drainage system and downstream watercourses. The lead doi: 10.2166/wst.2008.262 developer liaised with the statutory authorities including the Scottish Environment Protection Agency (SEPA), East of Scotland Water (now Scottish Water, (SW)) and Fife Council, to develop an integrated stormwater master plan for the development based on SUDS in order to mitigate downstream flooding and ensure water quality targets are met (Maxwell 1997; Roesner et al. 2001 
DETERMINING COSTS

Determining construction costs
It was necessary to overcome a number of issues for the construction cost comparison study to be viable. The costs of the hypothetical traditional drainage options were calculated on the basis of 2005 competitively tendered rates (the year of the study) while the construction costs of the SUDS were based on 1998 rates. It was therefore inappropriate to use simple linear projection and relationships were therefore based on analysis of the original rates for one of the retention ponds (Pond 7, see Figure 1 below) projected forward to 2005 rates. This accounted for changes in the construction industry such as: † the introduction of new landfill and aggregate taxes † increases in fuel taxes over and above the rate of inflation † the implementation of new health and safety regulations † labour, plant and material costs.
For example, two major cost differences between 1998 and This included a review of actual contractors' invoices for the maintenance works and the associated activity timesheets. Regular visual inspections of the SUDS were also undertaken by the authors to verify that these activities were undertaken to the required standards.
The developer desired ponds with a high visual profile to increase the marketability of the development. This contributed to both the aesthetic design and to the specification and scope of the structural landscaping around the ponds. Strict planning constraints were also applied in order to address (perceived) safety issues -this included planting extensive barrier vegetation which subsequently added to the maintenance burden.
The drainage networks leading to the SUDS were designed as traditional systems with, for example, standard upstream carrier pipes and road gullies. This meant that a comparison with the traditional drainage option was relatively straightforward.
The stormwater treatment train and traditional systems
The analysis presented here compares the cost of constructing and maintaining a stormwater drainage system based on SUDS against traditional underground storage chambers.
Hypothetical designs for the chambers were costed on the basis that they would attenuate 50 and 100 year storm events.
The SUDS were designed to attenuate the 100 year event.
In reality, this comparison is invalid for DEX as traditional drainage would not treat stormwater as per SEPA requirements. To ensure water quality objectives were met SEPA policy required that treatment ponds were implemented at the outlet of each sub catchment in addition to the required flood attenuation storage. Receiving watercourses, although small, are not classified as sensitive and were not in need of enhanced protection.
In order for the storage chambers to achieve the required water quality, their discharge would require downstream treatment. This would have increased the complexity of the cost study therefore this extension of the hypothetical scenario was not developed. As a result, the costs of SUDS, which provide treatment and attenuation of surface water runoff, are compared with storage chambers which provide flow attenuation with minimal treatment.
Maintenance frequencies and tasks
Recent research (Lampe et al. 2005 ) has shown that maintenance tasks for SUDS are required at a frequency which is, at a strategic level, governed by the requirements of the owner. Specific tasks undertaken are either routine or irregular depending on the location and type of facility. The following overall levels of maintenance apply. † Low/Minimum is the basic level of maintenance required to maintain the design function. If maintenance of vegetation is not undertaken on a regular basis, then outlets are susceptible to blockages which will subsequently impact on performance. † Medium is the level of maintenance required to maintain desired function and appearance. † High is an enhanced maintenance regime which is driven by appearance and amenity. In addition to grass cutting and litter picking, inspections will be frequent and minor defects remediated. As a result, activities which are required to maintain functionality will be undertaken as part of amenity maintenance.
When the maintenance level has been decided, tasks are either routine and/or corrective. † Routine tasks are carried out by contractors without specific intervention by a supervisor. † Irregular tasks are normally required to correct defects, are much less frequent, and are necessary to address a specific issue which might affect operation or safety.
The SUDS at DEX benefit from an extremely organised and intensive maintenance regime when compared with other SUDS maintenance regimes in existence in the UK as reported in parallel studies (Lampe et al. 2005) .
RESULTS FOR THE STRUCTURES AS IMPLEMENTED Construction costs
Table 1 details construction costs for the five regional SUDS for which there are wide variations as a result of the different catchment sizes and site specific construction details. For example, Halbeath Pond is the only structure with an impermeable liner, and the Cascades are a series of three separate ponds (see Figure 2 ) and the only location where excavation of rock was required. In all cases there is a significant difference between the traditional and SUDS solution, the latter always being less. On average, the construction cost of SUDS compared to traditional drainage is around 70% less.
Maintenance activities and costs
Maintenance intensity is dependant upon basic functionality and other requirements such as visual aesthetics, amenity and biodiversity potential. Table 2 details both routine and irregular maintenance activities which are required. Table 3 details anticipated maintenance data for the storage chambers based on the assumption that land take will be maintained as mown grass.
Average maintenance costs over the five year period are detailed in Table 4 and are based on the recorded data for the SUDS together with estimated maintenance costs for traditional drainage. It will be noted that Halbeath pond has a greater cost than traditional drainage due to the extensive amenity and barrier vegetation planted in order to provide additional amenity and safety benefits. On average, the annual cost of maintaining SUDS is less than for the equivalent traditional approach.
Above ground and below ground maintenance
It is anticipated that above ground maintenance of SUDS will be the responsibility of different organisations from those responsible for below ground maintenance (SW 2005) . To assess this division in maintenance costs, the different activities in Table 4 were separated into above and below ground activities and the resulting cost breakdown are provided in Table 5 . There is a decrease in above ground Note -reverse black and white indicates SUDS more expensive. Table 6 confirm that SUDS ponds are significantly more cost effective when compared with traditional drainage storage chambers.
Costs for different scenarios found in the UK
The resulting whole life costs must be considered bearing in mind that no allowance has been made for treatment of runoff from the traditionally costed components. Additional treatment costs should be added to the traditional approach for the study to be strictly comparable and this would further accentuate the cost differences highlighted in this study.
Design variations of different scenarios which represent alternative SUDS arrangements found in the UK today were applied to the WLC data (CIRIA 2007) . These findings are presented in Figure 3 
Catchment cost comparisons
Capital and Maintenance Costs, and WLC were compared with the catchment served by the SUDS and the results, as presented in Tables 7 to 9, demonstrate that costs of traditional drainage are greater than those for SUDS and this is summarised as follows: † Capital costs of traditional drainage are more than double the capital costs of SUDS † Annual average maintenance costs would be 20 -25% greater for traditional drainage † WLC of traditional drainage are around double the costs for SUDS 
CONCLUSIONS
This report addresses the concern surrounding the lack of available and reliable cost data for SUDS as identified by developers, unitary and regulatory authorities. It is the view of many developers that SUDS will result in a significant increase of both capital and maintenance costs to implement development surface water drainage infrastructure. It is also a concern to the drainage utilities that the costs to maintain and operate SUDS as per design function will be greater than current statutory obligations associated with traditional drainage.
The data presented demonstrates positive cost benefits associated with SUDS as overall, construction and maintenance costs are less than the alternative traditional drainage solution which would be to incorporate underground storage chambers. To realise such cost benefits, regional SUDS should be located in public open space (as has been assumed in this study); and a competent treatment train should be implemented upstream of the regional SUDS to promote low sedimentation rates.
The high amenity DEX SUDS also increase the aesthetic appeal of the area in addition to their functional benefits of water quality protection and flood control. These 
